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The impact of cancer on health-related quality of life (HRQOL) is poorly understood because of the lack of
baseline HRQOL status before cancer diagnosis. To our knowledge, this is the first population-based study
to quantify the nature and extent of HRQOL changes from before to after cancer diagnosis for nine types
of cancer patients and to compare their health with individuals without cancer.

The Surveillance, Epidemiology, and End Results cancer registry data were linked with the Medicare
Health Outcomes Survey (MHOS) data; data were collected from Medicare beneficiaries who were aged
65 years and older from 1998 through 2003. Cancer patients (n = 1432; with prostate, breast, colorectal,
lung, bladder, endometrial, or kidney cancers; melanoma; or non-Hodgkin lymphoma [NHL]) were selected
whose first cancer diagnosis occurred between their baseline and follow-up MHOS assessments. Control
subjects without cancer (n = 7160) were matched to cancer patients by use of propensity scores that were
estimated from demographics and comorbid medical conditions. Analysis of covariance models were
used to estimate changes in HRQOL as assessed with the Medical Outcomes Study Short Form-36 survey
(mean score = 50, SD = 10). All statistical tests were two-sided.

Patients with all cancer types (except melanoma and endometrial cancer) reported statistically significant
declines in physical health (mean scores: prostate cancer = —3.4, 95% confidence interval [Cl] = —2.5 to —4.2;
breast cancer = —3.5, 95% Cl = —2.5 to —4.5; bladder cancer = —4.3, 95% Cl = —2.5 to —6.1; colorectal cancer =
—4.4, 95% Cl = —3.3 to —5.5; kidney cancer = —5.7, 95% Cl = —3.2 to —8.2; NHL = —6.7, 95% Cl = —4.4 to —9.1;
and lung cancer = —7.5, 95% Cl = —5.9 to —9.2) compared with the control subjects (mean score = —1.8, 95%
Cl = —1.6 to —2.0) (all P < .05). However, only lung (mean score = —5.4, 95% Cl = —3.5 to —7.2), colorectal
(mean score = —3.5, 95% Cl = —2.2 to —4.7), and prostate (mean score = —2.8, 95% Cl = —1.8 to —3.7) cancer
patients showed statistically significant decreases in mental health relative to the mean change of the con-
trol subjects (mean score = —1.2, 95% Cl = —0.9 to —1.4) (all P < .05).

These findings provide validation of the specific deleterious effects of cancer on HRQOL and an evidence
base for future research and clinical interventions aimed at understanding and remediating these effects.
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The impact of cancer is often estimated in terms of clinical end-
points such as the risk of recurrence and the probability of remis-
sion and survival. These measures are essential yet do not fully
capture the impact of cancer in terms of its effects on a person’s
functioning and well-being. For this reason, there has been grow-
ing interest in assessing health-related quality of life (HRQOL) as
a means of more fully understanding the burden of cancer and
evaluating the effects of cancer treatments.

The true impact of cancer on HRQOL, however, remains
poorly understood because of critical limitations in research design
and populations studied. Most cancer-related HRQOL studies
have been limited to either highly selected populations of patients
who are treated in specialized institutions or patients enrolled in
randomized clinical trials (1). These studies, as well as larger,
population-based observational studies in more heterogeneous
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patient populations, have typically measured baseline HRQOL
only after the diagnosis has occurred and lack information on
HRQOL of the patient before diagnosis. Comparison data for
people without cancer have rarely been collected, thus limiting the
ability to assess the additional impact of cancer, particularly among
those with other chronic conditions (such as the elderly) that likely
also affect HRQOL (2-8). To assess changes in HRQOL that are
mainly attributable to the cancer and that are less likely related to
other potentially confounding characteristics, prediagnosis assess-
ments and comparisons of cancer patients with appropriate control
groups are necessary. Yet, benchmark data that derive from studies
with these design advantages have generally been limited. Only
two studies (9,10) have been identified that include a HRQOL
measurement before and after cancer diagnosis, and both studies
focused exclusively on breast cancer. To date, no prospective lon-
gitudinal studies have examined the impact of cancer on HRQOL
across multiple cancer sites and also used baseline health status
assessments before cancer diagnosis.

The 2007 linkage of data from the Surveillance, Epidemiology,
and End Results (SEER) program, a group of population-based can-
cer registries sponsored by the National Cancer Institute, with data
from the Medicare Health Outcomes Survey (MHOS) sponsored by
the Centers for Medicare & Medicaid Services provides a unique
opportunity to assess the prospective impact of a diagnosis of cancer
on HRQOL among older Americans (aged 65 years and older) across
multiple cancer sites (11). Of interest are those individuals whose
cancer diagnosis occurred between the MHOS baseline assessment
and the follow-up assessment. In addition, the availability of MHOS
data for persons living in SEER geographic areas but without a can-
cer diagnosis allows for a measurement of the additive impact of a
cancer diagnosis on HRQOL beyond what might be expected for a
group of older adults in the general community.

In this article, we compare the prospective changes in HRQOL
for a group of older patients diagnosed with cancer across nine can-
cer sites that occur within 2 years of their diagnosis with changes in
HRQOL in a similar time frame among a set of matched control
subjects drawn from the same population base. We expect this study
to provide a benchmark for capturing the burden of cancer on
HRQOL and an evidence base for future research and clinical inter-
ventions aimed at understanding and remediating these effects.

Methods

Individuals in This Study

The current study examined the burden of a cancer diagnosis and
treatment on the HRQOL of individuals aged 65 years and older
who were enrolled in Medicare managed care plans. This study
represents a collaboration between two US Federal agencies: the
Centers for Medicare & Medicaid Services and the National
Cancer Institute. Under this collaboration, survey data from the
MHOS of the Centers for Medicare & Medicaid Services (12)
were linked in 2007 with data from SEER cancer registries from
the National Cancer Institute (13). The MHOS is a yearly survey
that is administered to a random sample of 1000 Medicare benefi-
ciaries from each managed care plan under contract with the
Centers for Medicare & Medicaid Services. Each participant,
selected from the random drawing, is asked to complete a survey
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CONTEXT AND CAVEATS

Prior knowledge

How cancer impacts health-related quality of life is not clearly
understood because health-related quality of life before cancer is
often not measured or compared to individuals without cancer.

Study design

Data from the Medicare Health Outcomes Survey were linked with
the National Cancer Institute’s Surveillance, Epidemiology, and
End Results cancer registry data which includes Medicare benefi-
ciaries aged 65 years and older from 1998 through 2003. Mean
survey scores of cancer patients (n = 1432) were compared with
those of matched control subjects without cancer (n = 7160).

Contribution

All cancer patients, except melanoma and endometrial cancer, had
lower mean physical health scores than control subjects, but only
patients with colorectal, prostate, and lung cancers had lower mean
mental health scores than control subjects. Patients with prostate,
bladder, colorectal, kidney, or lung cancer or NHL reported greater
declines in their social roles and well-being than controls.

Implications

The effects of cancer on health-related quality of life in this study
population were specific, and these results provide a basis for
future research and treatments to target these effects.

Limitations

It is unknown how representative the cohort in this study is to US
cancer patients in this age range. Some cancer types had few
patients, so the statistical power to detect important changes was
reduced in these groups. Disease severity, treatment, and timing of
survey completion related to the date of cancer diagnosis were not
included in the analysis.

From the Editors

at baseline and 2 years later if they are still enrolled in the same
plan (follow-up). The SEER program collects information about
all patients with newly diagnosed (incident) cancer in populations
within specific geographic areas. A detailed description of the
SEER-MHOS data linkage is provided elsewhere (11).

The linked SEER-MHOS dataset included four MHOS
cohorts for the following baseline through follow-up years: 1998—
2000, 1999-2001, 2000-2002, and 2001-2003. Response rates on
the baseline survey in SEER regions ranged from 64.1% in 1998
to 71.6% in 2000 (11). Follow-up response rates ranged from
76.3% to 84.9%, resulting in a sample size of 11683 MHOS
respondents linked to SEER across the four cohorts (11). An inde-
pendent study of the MHOS 2000 dataset examined the extent of
potential nonresponse bias (14). This study linked individual-level
survey data to the sample file, Medicare enrollment data, and
Medicare risk adjustment data, as an independent method of com-
paring the health status of survey responders vs nonresponders.
The major finding was that although nonresponders were older,
more likely to be another race other than white, and of slightly
poorer health status than responders, these differences did not
persist when averages were calculated at the managed care plan
level. It is thus reasonable to assume that response bias is minimal
in the current study, which uses four MHOS cohorts and combines
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data across 101 managed care plans. Thus, this study aggregated
data at a higher level than was examined in the previous study on
nonresponse bias (14).

To prospectively evaluate the impact of a cancer diagnosis on
patients’ HRQOL, we selected cancer patients in the dataset
whose first SEER-confirmed cancer diagnosis occurred between
the completed baseline and the follow-up MHOS. By pooling
across the four cohorts, we identified 1432 persons with cancer
who had data on both the baseline and the follow-up MHOS. The
mean time from cancer diagnosis to follow-up MHOS was 12.4
months (range = 0-32 months after diagnosis). The sample
included 436 prostate, 320 breast, 240 colorectal, 112 non-small
cell lung, 89 bladder, 56 endometrial, 53 non-Hodgkin lymphoma
(NHL), and 46 kidney cancer patients and 80 melanoma patients.
Selection of 30964 respondents without cancer to the MHOS was
limited to those who resided in the same SEER region and partici-
pated in the same managed care plans as the cancer patients.

Data Collected

The primary goals for the collection of MHOS data were for
Centers for Medicare & Medicaid Services to evaluate the perfor-
mance of the managed care plans under contract with Centers for
Medicare & Medicaid Services, to promote quality improvement,
and to empower beneficiaries with the knowledge of program per-
formance to make plan selections (12,15). The MHOS provides
data on patient sociodemographics, survey characteristics, chronic
medical conditions, clinical symptoms, HRQOL (physical and
mental health), and smoking status.

The MHOS includes the Medical Outcomes Study Short
Form-36 (SF-36, version 1) (16), a standardized survey used to
measure HRQOL that has been widely used in general and dis-
ease-specific populations, including cancer (17). The SF-36 has
eight scales: physical functioning (10 items), role-physical (four
items), bodily pain (two items), general health (five items), vitality
(four items), social functioning (two items), role-emotional (three
items), and mental health (five items). The eight scales provide the
basis for calculating two summary scores: the physical component
summary and the mental component summary. Each summary
score is derived from a weighted combination of all eight scales,
with higher weights on physical functioning, role-physical, bodily
pain, and general health for the physical component summary and
with higher weights on mental health, role-emotional, social func-
tioning, and vitality for the mental component summary. SF-36
scores on the subscales and the summary scales are normalized to
the general US population on a 7-score metric (mean score = 50,
SD = 10). Higher scores reflect better health.

The MHOS also includes a self-reported measurement of
activities of daily living. The activities of daily living scale assesses
difficulties with six items: bathing, dressing, eating, getting in or
out of chairs, walking, and using the toilet.

Demographic variables in the MHOS included self-reported
education, age, sex, race and ethnicity, current marital status, and
change in marital status between baseline and follow-up assessment.
Survey characteristics included survey administration (mailed or
interviewer administered) and whether the survey was completed by
the Medicare recipient directly or by a proxy. Chronic medical con-
ditions included hypertension or high blood pressure, coronary
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artery disease, congestive heart failure, myocardial infarction or
heart attack, other heart conditions, stroke, chronic obstructive pul-
monary disease, inflammatory bowel disease, arthritis of the hip or
knee, arthritis of the hand or wrist, sciatica, and diabetes.

We classified chronic medical conditions that existed before the
baseline MHOS assessment as “preexisting” conditions and classi-
fied conditions that were diagnosed between baseline and follow-up
MHOS assessments as “newly diagnosed” conditions. We devel-
oped four comorbidity indices by using weights that were based on
the burden of the condition on HRQOL. These comorbidity
weights were derived from a separate MHOS sample of individuals
(independent of the patients or control subjects used in main analy-
ses). Itincluded respondents without cancer (n = 13 705) and respon-
dents with cancer at the baseline MHOS (n = 1398). Separate indices
were created for physical and mental health as the outcome and
whether the conditions were preexisting or newly diagnosed. The
weighted indices were used rather than a simple count to avoid
treating each condition as having equal impact on HRQOL.

The SEER program currently includes 18 population-based
cancer registry sites that represent 26% of the US population (13).
Fourteen registries are represented in the SEER-MHOS dataset.
We did not include disease severity (eg, stage at diagnosis) and
treatment variables available in the SEER data because the analysis
compared HRQOL change scores in people with cancer relative to
control subjects without cancer for whom such variables were not
pertinent. In addition, incorporating disease-specific variables
would greatly complicate the analysis and interpretation because of
considerable variation across cancer types with respect to measures
of disease severity and treatment characteristics.

Statistical Analysis

To minimize potential confounding when examining HRQOL dif-
ferences between the case patients with cancer and the control sub-
jects without cancer, control subjects were matched to case patients
by use of propensity score-matching procedures (18-20) as described
in detail elsewhere (21). Matching was based on patient demograph-
ics, survey characteristics, and preexisting diagnosed chronic medi-
cal conditions other than cancer. Five control subjects were matched
to each case patient with cancer to account for possible bias due to
confounding from unmeasured variables in the study (22).

An analysis of covariance (ANCOVA) model was used to exam-
ine the change in HRQOL scores for people diagnosed with can-
cer relative to control subjects after adjustment for baseline
HRQOL scores. Covariates included the weighted preexisting and
newly diagnosed comorbid condition indices (continuous); edu-
cation level (eighth grade or less, some high school, high school
graduate or General Education Development degree, some college
or a 2-year degree, or college graduate or higher); age (continu-
ous); sex (male or female); race or ethnicity (white, Asian, black,
Hispanic, American Indian, or other); baseline marriage status (mar-
ried, never married, divorced, or widowed); widowed, divorced, or
separated between baseline and follow-up (no or yes); smoking sta-
tus (never, former, or current); self- or interviewer-administered,
and self-report or proxy response. A mixed-effect ANCOVA
model was used to adjust for clustering due to participation in the
same managed health-care plans and clustering due to the five-
to-one control subject to case patient matching of the data (23).
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Adjustments that used Dunnett-Hsu adjusted P values were made
for multiple comparisons for change in HRQOL among the can-
cer groups and control subjects (« < .05). Results from the adjusted
model were compared with an unadjusted model, and the findings
were similar; the adjusted estimates are reported in this article. All
statistical tests were two-tailed and all analyses were performed
with SAS version 9.13 (SAS Institute, Inc., Cary, NC).

The size of the HRQOL change scores from baseline to
follow-up assessment was also compared with minimally important
difference estimates (24,25). A half SD (5-point change) was used
in these analyses (26). This change corresponds to Cohen’s defini-
tion of a medium effect size (27) and can be considered to be
clinically relevant (28,29).

Results

Sample Description

The characteristics for the case patients (n = 1432) and the matched
control subjects (n = 7160) were compared (Table 1). Because of
propensity score matching, no statistically significant differences
were observed between case patients and control subjects on such
key variables as education, sex, race, preexisting comorbidities, and
smoking status. The only statistically significant differences
between the two groups was that cancer patients experienced
higher levels of newly diagnosed “other heart conditions” between
baseline and follow-up survey than noncancer control subjects
(9%—7%, respectively; P = .006) and that cancer patients had more
proxy reporting at follow-up survey than noncancer control sub-
jects (13%—-10%, respectively; P < .001). All covariates including
newly diagnosed other heart conditions and proxy reporting were
controlled for in the following analyses when comparing HRQOL
changes over time between individuals with and without cancer.

Change in Physical Health
At baseline, the mean SF-36 physical component summary score
for the control subjects was 43.2 (SD = 12.1) and that for the case
patients ranged between 40.8 (SD = 11.8) for lung cancer and 45.2
(SD = 10.3) for NHL. These baseline means are consistent with
age-adjusted general US population 1998 norms for the SF-36
physical component summary for individuals aged 65 years or
older (ie, men = 41.95 and women = 41.02) (30). We compared
adjusted mean changes in the physical component summary score
from baseline with follow-up assessment by type of cancer (Figure 1).
Patients with all cancer types examined (except for melanoma and
endometrial cancer) reported statistically significantly greater
decline in physical component summary scores (mean scores: pros-
tate cancer = —3.4, 95% confidence interval [CI] = —2.5 to —4.2;
breast cancer = —3.5, 95% CI = —2.5 to —4.5; bladder cancer =
—4.3, 95% CI = —2.5 to —6.1; colorectal cancer = —4.4, 95%
CI = —3.3 to —5.5; kidney cancer = —5.7, 95% CI = —3.2 to —8.2;
NHL = -6.7, 95% CI = —4.4 to —9.1; and lung cancer = —7.5,
95% CI = —5.9 to —9.2) than the matched control subjects (mean
score = —1.8,95% CI = —1.6 to —2.0, P < .05). Kidney, NHL, and
non-small cell lung cancer patients reported the greatest decline in
physical health that was larger than a half SD.

We next examined the adjusted mean changes in the four physi-
cal health scales of the SF-36 (Table 2). The cancer groups are listed
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Table 1. Comparison of covariates for cancer patients and
matched control subjects without cancer*

Matched
noncancer
control
Cancer patients subjects
Characteristic (n = 1432) (n =7160)
Education, %
8th grade or less 11.10 10.38
Some high school 15.08 14.19
High school graduate or 29.89 31.28
GED degree
Some college or 2-year degree 24.09 24.73
College graduate or higher 19.83 19.41
Mean age (SD), y 73.86 (5.85) 73.81 (6.04)
Sex, %
Male 55.45 55.54
Female 44.55 44.46
Race, %
White 81.63 81.76
Asian 5.80 5.88
Black 5.24 4.96
Hispanic 5.87 5.80
American Indian 0.63 0.60
Other 0.70 0.67
Marriage status (baseline), %
Married 64.87 64.69
Never married 2.23 2.12
Divorced 9.57 9.57
Widow 21.44 21.66
Widowed, divorced, or separated from baseline to follow-up, %
No 96.44 96.42
Yes 3.56 3.58
Smoking status, %
Never 36.45 36.31
Former 44.76 44.58
Current 12.29 12.42
Assessment mode mixed from baseline to follow-up, %
No 86.66 86.62
Yes 13.34 13.38
Proxy (baseline), %
No 85.61 85.41
Yes 7.61 7.79
Proxy (follow-up), %
No 79.47 81.94
Yes 12.64 9.66t1
Preexisting conditions, %
Hypertension or high 51.82 52.42
blood pressure
Angina pectoris or coronary 14.66 14.79
artery disease
Congestive heart failure 5.73 6.09
Myocardial infarction or 9.50 9.43
heart attack
Other heart conditions 21.30 20.81
Stroke 6.01 6.56
Emphysema, asthma, 13.69 13.66
or COPD
Crohn disease, ulcerative 3.98 4.04
colitis, or IBD
Arthritis of the hip or knee 33.80 34.62
Arthritis of the hand or wrist 29.54 29.05
Sciatica 20.95 20.71
Diabetes 15.43 15.21

(Table continues)
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Table 1 (continued).

Matched
noncancer
control
Cancer patients subjects
Characteristic (n =1432) (n =7160)
Newly diagnosed conditions, %
Hypertension or high 8.87 8.17
blood pressure
Angina pectoris or coronary 4.82 5.01
artery disease
Congestive heart failure 3.49 3.60
Myocardial infarction or heart 3.00 3.92
attack
Other heart conditions 9.08 7.00t
Stroke 3.91 3.32
Emphysema, or asthma, COPD 4.75 3.90
Crohn disease, ulcerative colitis, 3.00 2.29
or IBD
Arthritis of the hip or knee 11.10 10.10
Arthritis of the hand or wrist 9.99 11.08
Sciatica 7.33 8.62
Diabetes 4.75 3.80

* All patient characteristics (except widowed, separated, or divorced from
baseline to follow-up), survey characteristics (except proxy at follow-up), and
preexisting conditions were matched between individuals with and without
cancer. GED = General Education Development; COPD = chronic obstructive
pulmonary disease; IBD = inflammatory bowel disease.

T P < .01, cancer patients vs control subjects, as calculated using a two-sided
X test.

by severity in terms of decrease in the physical component summary
score since precancer diagnosis. With the exception of bodily pain,
we observed a statistically significantly greater decline in physical
health of patients with a majority of the cancer types than that of
control subjects without cancer. The greatest changes were observed
in the role limitations due to physical health problems, a scale that
includes items on reducing the amount of time spent on work and
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Score change in physical health

Cancer type

Figure 1. The adjusted mean decline in the Short Form-36 (version 1)
physical component summary scores from baseline to follow-up assess-
ment across the nine cancer types and the control subjects (No Cancer).
The samples included 436 prostate, 320 breast, 240 colorectal, 112 non-
small cell lung, 89 bladder, 56 endometrial, 53 non-Hodgkin lymphoma
(NHL), and 46 kidney cancer patients; 80 melanoma patients; and 7160
control subjects. The horizontal line provides a reference to the mean
change in score of the control subjects.
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other activities and limiting the kind of activities individuals per-
formed. Only the lung cancer patients showed a statistically signifi-
cant increase in bodily pain compared with control subjects.

Given the large decreases in physical functioning, we further
explored how respondents’ activities of daily living were affected
by a cancer diagnosis. Lung cancer patients experienced the great-
est decline in activities of daily living among the cancer types, most
notably difficulties with bathing (25% reporting some difficulty or
unable to do compared with 13% for control subjects), dressing
(20% compared with 11% for control subjects), eating (13% com-
pared with 5% for control subjects), getting in or out of chairs
(35% compared with 25% for control subjects), and using the
toilet (16% compared with 7% for control subjects). Colorectal
cancer patients reported greater difficulty with bathing (21% com-
pared with 13% for control subjects), dressing (18% compared
with 11% for control subjects), eating (10% compared with 5% for
control subjects), and getting in or out of chairs (37% compared
with 25% for control subjects). Kidney cancer patients reported
greater difficulty with getting in or out of chairs (43% compared
with 25% for control subjects) and walking (48% compared with
33% for control subjects). Prostate cancer patients reported more
difficulty with using the toilet (10%) than control subjects (7%).

Change in Mental Health

At baseline, the mean mental component summary score for the
control group was 52.3 (SD = 11.3) and that for the cancer
patients ranged between 51.0 (SD = 11.9) for colorectal cancer
and 54.0 (SD = 9.8) for NHL. These baseline means are consis-
tent with age-adjusted 1998 US population norms for the SF-36
mental component summary for individuals aged 65 years and
older (ie, men = 52.51 and women = 51.44) (30). The adjusted
mean changes in the SF-36 mental component summary scores
across cancer types were compared (Figure 2). Only the scores
in mental component summary for lung (mean score = —5.4,
95% CI = —3.5 to —7.2), colorectal (mean score = —3.5, 95%
CI = —2.2 to —4.7), and prostate (mean score = —2.8, 95% CI =
—1.8 to —3.7) cancer patients showed statistically significant
decreases relative to the control subjects (mean score = —1.2,
95% CI = —0.9 to —1.4), with the mean change for lung cancer
patients exceeding one-half of the SD.

The adjusted mean changes in the four SF-36 mental health
scales across cancer types were examined (Table 3). At the scale
level, large and statistically significant decreases in social function
were observed for patients with prostate, bladder, colorectal, kid-
ney, or lung cancer, and NHL. Lowered vitality (ie, greater
fatigue) was reported for patients with prostate, breast, colorectal,
and lung cancer and NHL.

Association of Covariates

A number of covariates used in the regression models were statisti-
cally significantly associated with changes in physical and mental
health status independent of the presence of cancer. Most of these
associations were expected. For example, patients with newly dia-
gnosed comorbid conditions, with lower education levels, who were
current smokers, or who had a proxy respondent at follow-up survey
were associated with decreases in all the physical health scales
(physical component summary, physical functioning, role-physical,
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Table 2. Adjusted change in physical health status from before to after cancer diagnosis as measured by the Short Form-36 (version 1)*

Physical function,

Role limitations,

General health

Bodily pain, mean perceptions, mean

Cancer type No. of patients mean (95% Cl) physical, mean (95% Cl) (95% CI) (95% CI)

No cancer 7160 -1.9(-1.7t0 =2.1) —-2.2(-1.91t0 —2.6) -1.1(-091t0 —1.3) -1.4(-1.31t0 —1.6)
Melanoma 80 —-0.7 (1.1 to —2.5) —0.4 (2.6 to —3.5) 0.4 (2.3to0 —1.4) —-0.6 (1.0 to —2.1)
Endometrial 56 —-1.5(0.6 to —3.7) —-55(=1.8to —9.1)t -1.9(0.3to —4.1) —2.0(-0.1to —3.9)
Prostate 436 —-3.1(-2.3t0 —3.9)% —4.9(-3.61t0 —6.3)* -1.8(—1.0to —2.6) —3.6 (—2.91t0 —4.3)*
Breast 320 —2.4(—1.5t0 —3.4) —57(-4.2t0 —7.3)t,% 1.9(—=1.0to —2.9) —3.0(—2.2to —3.8)%
Bladder 89 —4.1 (=2.4 to —5.8) —5.8(-2.91to —8.7)t —2.0(-0.2to —3.7) —4.1 (—=2.6 to —5.5)%
Colorectal 240 —3.7 (=2.7 to —4.8)% —6.6 (—4.9to —8.4)t,* —-23(=1.2t0 —=3.4) —4.2 (=3.3to —5.1)t
Kidney 46 —53(=29t0 —=7.7)t,% —8.6 (4.6 to —12.6)t,* —1.6 (0.8 to —4.0) —-5.8(=3.7to =7.9)t,*
NHL 53 —5.6 (—-3.4to —7.8)t,% —-99(-6.2to —13.7)t,* —2.3 (0.0 to —4.6) -5.8(-3.8to —7.7)t,*
Lung 112 —7.0 (—5.4to —8.5)t,f —10.4 (=7.9to —13.0)t,% —4.2(-2.61t0 —5.8)* -7.4(-6.0to —8.7)1,#

*

Change scores were adjusted for baseline status (continuous); preexisting and newly diagnosed comorbid conditions (continuous indices); education level (eighth

grade or less, some high school, high school graduate or General Education Development degree, some college or 2-year degree, or college graduate or higher);
age (continuous); sex (male or female); race or ethnicity (white, Asian, black, Hispanic, American Indian, or other); baseline marriage status (married, never mar-
ried, divorced, or widowed); widowed, divorced, or separated between baseline and follow-up (no or yes); smoking status (never, former, or current); self- or
interviewer-administered; and self-report or proxy response. SEs to derive the 95% Cls were adjusted for clustering effects due to health-care plan and matched
design for the case—control study. Cl = confidence interval. NHL = non-Hodgkin lymphoma.

t The mean decline in physical health was above the minimally important difference of one-half of an SD.

+ Cancer group change score was statistically significantly different from the noncancer group change score after adjusting for multiple comparisons

with the Dunnett-Hsu test (two-sided) (P < .05).

bodily pain, and general health). Increased age was associated with
decreases in all the physical health scales, except bodily pain.
Patients who were widowed, separated, or divorced between base-
line and follow-up surveys were more likely to have declines in
mental health and more role limitations in functioning due to
mental health. Current smokers and those with lower education
levels also reported greater declines in mental health outcomes.

Discussion

This longitudinal population-based study examined the impact of
a new cancer diagnosis on HRQOL among older Americans.
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Figure 2. The adjusted mean decline in the Short Form-36 mental com-
ponent summary scores from baseline to follow-up assessment across
the nine cancer types and the control subjects (No Cancer). The sam-
ples included 436 prostate, 320 breast, 240 colorectal, 112 non-small
cell lung, 89 bladder, 56 endometrial, 53 non-Hodgkin lymphoma, and
46 kidney cancer patients; 80 melanoma patients; and 7160 control
subjects. The horizontal line provides a reference to the mean change
in score of the control subjects.
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Before their cancer diagnosis, cancer patients in this study reported
physical and mental health scores similar to a control group with-
out cancer. Notable decrements in HRQOL, relative to the con-
trol group, were reported after a cancer diagnosis across most
cancer sites. To our knowledge, this is the first study to report
HRQOL changes from before to after cancer diagnosis across nine
different cancer sites, compared with a matched control group of
older adults without cancer. Study findings thus enhance our
understanding of the impact of the cancer diagnosis and treatment
on older patients’ physical, mental, and social well-being and their
daily functioning.

Understanding the impact of cancer on quality of life is an issue
of great importance, given the more than 1 million patients with a
new diagnosis of cancer each year (31) and the ever-growing num-
ber of cancer survivors in the United States (estimated at 11.1
million in 2005, with 60% being aged 65 years and older) (32).
Substantial variation in the natural history, clinical manifestations,
and treatment of different cancers further raises the need to under-
stand how these cancers affect HRQOL. Such an understanding
might allow clinicians to better anticipate—and therefore more
effectively detect, prevent, and treat—the physical and psychoso-
cial sequelae of both cancer and its treatment. To this end, the
current study provides initial benchmarks of the impact of cancer
on functioning and well-being among patients across nine differ-
ent cancer sites. It also parses out the impact of the cancer diag-
nosis from that of other comorbid health conditions and
sociodemographic factors.

Opverall, we observed several cancer-specific differences in the
effect of cancer on the physical dimension of HRQOL, with kid-
ney, NHL, and non-small cell lung cancer patients reporting the
greatest deficits. Furthermore, when we examined specific com-
ponents of physical health, we saw that these effects were most
prominent in the reported role limitations due to physical pro-
blems. The reasons for these differences by cancer site represent an
important area for future research. Variations in impact of cancer
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Table 3. Adjusted change in mental health status from before to after cancer diagnosis as measured by the Short Form-36 (version 1)*

Mental health,

Role limitations,

Vitality, mean Social function,

Cancer type No. of patients mean (95% Cl) mental, mean (95% Cl) (95% ClI) mean (95% Cl)

No cancer 7160 —-0.8 (-0.6to —1.0) —2.0(-1.6t0 —2.4) -1.5(=1.2t0 =1.7) -1.6(-1.3t0 —1.8)
Melanoma 80 05(2.2t0 —1.2) 0.6 (4.0 to —2.9) 0.0 (1.7 to —1.8) —-0.3(1.7 to —2.4)
Endometrial 56 -0.4(1.7t0 —2.4) -2.8(1.4t0 —6.9) —2.2(-0.1to —4.3) -3.0 (-0.6to —5.5)
Prostate 436 —-1.5(-0.7to —2.2) —-4.8(-3.3t0 —6.3)% —2.7(=1.91t0 —3.4)% —-3.4(-2.51t0 —4.3)%
Breast 320 —-1.2(-0.3t0 —2.1) —3.5(=1.7to —5.2) —28(-=1.9to —-3.7)% —2.4(-1.31t0 —3.4)
Bladder 89 —-2.6(—1.0to —4.3) —-3.3(0.0to —6.5) -3.6(—1.9t0 —5.3) —-5.2(=38.2to0 —=7.1)1,%
Colorectal 240 —1.7(=0.7 to —2.7) —5.0(—-3.0to —7.0)t,% —45(—3.5to0 —5.5)% —5.3(—4.1t0 —6.5)1,%
Kidney 46 —1.4(0.9to —3.6) —6.1 (=1.6to —10.6)1 —4.5(-2.2 to —6.8) —-5.9(-3.2t0 —8.6)T,%
NHL 53 —-2.3(-0.2to —4.3) —5.6 (—1.41t0 —9.8)t —-6.1 (=3.91t0 —8.2)t,* —-6.2 (=3.7 to —=8.7)1,%
Lung 112 —3.6 (—2.1 to —=5.0)% —-8.2 (=5.3t0 —11.1)t,* —-56(=4.1t0 =7.1)t,% —8.2 (—6.5t0 —9.9)1,%

* Change scores were adjusted for baseline status (continuous); preexisting and newly diagnosed comorbid conditions (continuous indices); education level (eighth
grade or less, some high school, high school graduate or General Education Development degree, some college or 2-year degree, or college graduate or higher);
age (continuous); sex (male or female); race or ethnicity (white, Asian, black, Hispanic, American Indian, or other); baseline marriage status (married, never
married, divorced, or widowed); widowed, divorced, or separated between baseline and follow-up (no or yes); smoking status (never, former, or current); self- or
interviewer-administered; and self-report or proxy response. SEs to derive the 95% Cls were adjusted for clustering effects due to health-care plan and matched
design for the case—control study. Cl = confidence interval. NHL = non-Hodgkin lymphoma.

T The mean decline in physical health was above a minimally important difference of one-half of an SD.

F Cancer group change score was statistically significantly different from the noncancer group change score after adjusting for multiple comparisons

with the Dunnett-Hsu test (two-sided) (P < .05).

on HRQOL may reflect differences in the natural history and
clinical manifestations of different malignancies; the effectiveness
and side effects of different cancer treatments; or the amount,
nature, or effectiveness of palliative treatments given to patients
with different cancers. Further corroborating the need for future
research to isolate these factors, for most patients, reports of bodily
pain did not differ from those reported by individuals without
cancer. Only lung cancer patients reported statistically signifi-
cantly more bodily pain than the control group.

We found that patients with prostate, colorectal, or non-small
cell lung cancer experienced statistically significantly decreased
mental health relative to matched control subjects without cancer.
Similar to physical health, the greatest negative effects of cancer
were found in reported role limitations due to mental problems.
Furthermore, these effects were cancer specific, with prostate,
bladder, colorectal, kidney, and lung cancers, and NHL being
associated with the greatest decreases in social functioning. The
causes of these cancer-specific differences represent an important
area for future research, particularly in light of the differences in
physical health declines across these cancer types. These data high-
light the importance of health effects on social roles and under-
score the need for clinicians to assess both the psychological and
the social well-being of their cancer patients and to maximize
psychosocial support interventions (33).

Our study has many important advantages over previous studies
of prospective changes in HRQOL that typically capture baseline
status before the initiation of therapy but after cancer diagnosis
(34-36). To avoid contamination of the baseline assessment due to
the impact of a cancer diagnosis on a patient’s health and well-
being, it is necessary to measure baseline HRQOL before the
diagnosis. Two previous studies examined HRQOL both before
and after diagnosis but were limited to breast cancer. The larger
study was the Nurses’ Health Study (9), which identified 759
female nurses who were diagnosed with breast cancer between an
initial HRQOL survey in 1992 and a follow-up survey in 1996.
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Several analyses of this dataset have been published. Michael et al.
(37) found that women with breast cancer were more likely to have
more role limitations due to physical health problems; greater
bodily pain; and worse physical functioning, vitality, and social
function than those in a noncancer cohort. Analyzing the same
dataset, Nekhlyudov et al. (38) focused on women with ductal
carcinoma in situ and reported declines in vitality and social func-
tion and increased role limitations due to physical health relative
to women without cancer. In another analysis, Kroenke et al. (39)
found statistically significant decreases in physical function, social
function, and emotional role function, and greater role limitations
due to physical health among breast cancer patients aged 65 years
or older.

The other study examining HRQOL before and after diagnosis
of cancer (10) used a smaller cohort of women who were residents
of Beaver Dam, Wisconsin, and examined change for women who
completed a baseline survey between 1988 and 1990 with follow-up
surveys 5 and 10 years later. The 26 women who were diagnosed
with breast cancer between the baseline and the follow-up surveys
suffered statistically significant declines relative to control subjects
in all SF-36 subscales, except role limitations due to mental health
problems. The current study corroborates the main findings of
these two earlier breast cancer-specific studies (9,10), demonstrat-
ing that the greatest changes in HRQOL after breast cancer were
in vitality and role limitations due to physical health problems, as
opposed to mental health.

Other published studies on elderly Americans were limited to
assessing HRQOL after cancer diagnosis. Three studies used
national surveys and compared multiple cancer types (self-
reported) with individuals without cancer. Baker et al. (2) com-
pared cancer patients with matched control subjects in the 1998
MHOS cohort and found that patients with prostate, breast,
colorectal, or lung cancer who were currently undergoing treat-
ment had poorer physical health and that patients with breast,
colorectal, or lung cancer reported poorer mental health. Smith
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et al. (8) performed a cross-sectional analysis across four MHOS
cohorts and found patients with all cancer types (NHL and lung,
kidney, endometrial, colorectal, breast, prostate, and bladder can-
cers) except melanoma to have statistically significantly worse
physical health than patients without cancer. Furthermore,
patients with NHL or lung, bladder, breast, or colorectal cancer
reported lower mental health scores than individuals without can-
cer. Hewitt et al. (3) compared cancer survivors with those with-
out cancer by use of the National Health Interview Survey (years
1998-2000) and found that cancer survivors overall were more
likely to report fair or poor health, psychological disability, and
limitations in activities of daily living. Compared with women
with breast cancer, individuals with a history of lung cancer or
NHL reported poorer overall health. Thus, the existing cross-
sectional data examining relationships between cancer and
HRQOL are consistent with our findings.

In this study, we go beyond the earlier studies (2,3,8-10) by
estimating the magnitude of change in HRQOL from before to
after diagnosis among nine cancers (breast, prostate, colorectal,
non-small cell lung, kidney, endometrial, melanoma, and bladder
cancers, and NHL) to determine the impact of cancer relative to
older Americans without cancer. The large sample of older adults
without cancer permitted us to measure the additive effects of
cancer on HRQOL in the presence of many potentially con-
founding demographic and health factors. Furthermore, the link-
age of patient survey data with SEER cancer registry data
provided a novel database with numerous advantages over survey
data alone. Linked registry data enabled us to identify the month
and year of initial diagnosis, which was then used as the index date
for assessments before and after the survey and also provided a
more valid method to identify the clinical characteristics of the
cancers diagnosed compared with patient self-reports.

This study also has limitations. Only cancer patients who were
members of Medicare managed care plans were included in the
MHOS, and thus this study is limited to those beneficiaries. It is
not clear whether this cohort is representative of all elderly
patients in the SEER areas or whether managed care enrollees are
generally healthier than Medicare fee-for-service beneficiaries.
The evidence is mixed, with some studies (40,41) indicating that
managed care enrollees are healthier than fee-for-service bene-
ficiaries and another study (42) indicating that the health status
is similar between the programs.

In addition, sample sizes were small for some of the cancer
sites, thus reducing the power to detect statistically significant
effects of the cancer diagnosis on HRQOL. For example,
patients with bladder or kidney cancer or NHL had larger
decreases in mental health scores than patients with prostate
cancer, but those differences were not found to be statistically
significantly different from those of control subjects. Another
important limitation is that these data do not capture those can-
cer patients (or control subjects) who disenrolled from the plan
or died before their follow-up HRQOL survey (43). It is difficult
to estimate the effect of response bias; however, the HRQOL
change scores likely reflect the lower bounds of decreased physi-
cal and mental health especially for patients with colorectal or
lung cancer or NHL, who are typically diagnosed in late stages
of disease.
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We did not incorporate variables on disease severity, treatments
received, and survey timing relative to the date of diagnosis because
the primary aim was to provide a broad overview of the impact of
many different cancer diagnoses on HRQOL relative to changes
occurring in matched control subjects without cancer. In addition,
incorporating disease-specific variables would greatly complicate the
analysis and interpretation because of considerable variation across
cancer types. Future planned analyses of this dataset on a cancer-
specific basis will explore in much greater detail how disease and
treatment factors can help elucidate the extent to which changes in
HRQOL are attributable to disease- or symptom-targeted treatments
specific to these cancers, to the quality of care rendered to patients
with different cancers, or to some other unmeasured factors.

This study provides valuable information not only for research-
ers who are interested in future descriptive and mechanistic studies
but also for clinicians who care for cancer patients. Although all
cancers have the potential to negatively impact HRQOL and the
reasons for cancer site-specific differences in HRQOL remain to
be explored, the current study identifies particular cancer types that
warrant special attention on the part of clinicians. Certain cancers,
such as non—small cell lung cancer, are associated with particularly
large decrements in both physical and mental health. The results of
this study will provide a reference point to allow researchers and
clinicians to interpret results of clinical trials and treatments, as
compared with older cancer patients across the United States.
These findings provide empirical validation for what clinicians
perhaps already know about the negative effects of cancer; how-
ever, they advance our knowledge by quantifying these effects and
providing an evidence base for future research and clinical inter-
ventions aimed at understanding and remediating them.
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